ABSTRACT
INTRODUCTION
The issue of urbanization is demanding that urban land should be able to accommodate variety of people's needs and activities, including for a decent, affordable, and precisely located housing (UN, 2014; UN Habitat, 2011) . As basic life requirement, the housing sector becomes an economic resource for many countries and also addresses diverse indicators of human life quality improvement (UN Habitat, 2011) . The existence of adequate housing also raises up stability and social inclusion amongst community, as well as presents sustainable environment. (Owoeye and Adedeji, 2015) .
In dealing with urbanization, urban development should be controlled through sustainable principles (UN, 2014) . The principles of sustainability should also be applied on housing since it involves not only functional and physical issues, but also associated with other life dimensions, such as social, economic, cultural, technological, ecological, and political (Martanto, 2012) . To that end, the housing development in urban areas need to be continued from time to time, taking into account the high demand for housing and the increasing land scarcity. Furthermore, sustainable housing leads to realization of sustainable settlements, that in the end it supports sustainable cities (UN Habitat 2005) .
One of the aspects that must be highlighted about housing development is its impacts on environmental degradation. (Uttara, et al, 2012; Harte, 2007) . The importance of ecological aspect of housing has also been discussed on Agenda 21, stating that housing needs for planned for a healthy, safe, and green environment, as well as should be controlled in an environmentally efficient, effective and sustainable way (UN, 1996) . In Indonesia, the government has already sought to do sustainable development of housing particularly in environmental context, as stated in UU RI (The Law of The Republic of Indonesia) concerning Housing and Settlement that housing needs to be built to (1) meet the requirements of the technical, ecological, and administrative; (2) monitor the environmentally affected area, and (3) manage environment based on the available planning (UU RI, 1/2011).
In this regard, actualizing the efficient and sustainable housing can be done by learning the built formal housing design, since it is considered as a form of housing that comply with proper rules. In total of 20% of dwellings in Indonesia are formal housing owned by Indonesian government or private parties, which were built systematically with good planning. While the rest are informal housing belonging to citizens which were not accompanied by adequate planning or followed formal rules from the government (Widoyoko, 2007; Ministry of Housing, 2009 in Cahyadini, 2009 . Therefore, further studies on formal residential land use can be done through evaluating its design in context of efficiency to ensure the environmental sustainability. The process is then directed to the formulation of concepts for sustainable land arrangement efficiency on formal housing.
THEORY / METHODS

Housing Land Arrangement
The term 'housing and settlements' basically involves container (including nature, shells, networks), and its contents including man and society (Doxiadis, 1968 in Goenmiandari, et al, 2010 Sastra and Marlina 2006) . Based on UU RI 1/2011 concerning Housing and Settlement, 'housing' is a group of appropriate houses as part of settlement equipped with infrastructure, facilities, and public utilities. The term 'Settlement' has broader scope, consisted of several housings with infrastructure, facilities, public utilities, as well as supporting the activities of other functions. While, the term 'land' in this study refers to Kasiba and Lisiba related to housing and settlement. Kasiba (a ready to built-region) is a certain land that its physical (including infrastructure, facilities, and utilities) prepared for the construction of big scaled residential development area, and Lisiba (a ready to builtenvironment) has smaller scope, which reserved for residential development with limited parcels of land. (UU RI, 1/2011).
While the term arrangement of land settlement can be customized with several regulations in Indonesia. In the Law of The Republic of Indonesia Number 26 of 2007 concerning Spatial Planning, it is stated that the arrangement (of space) is a series of planning, utilization, and controlling (the use of space) process (UU RI, 26/2007). More specifically, The Law of The Republic of Indonesia Number 1/2011 concerning Housing and Settlement pointed out that the arrangement is a step of housing management through improvements so that it could run in accordance with its objectives (UU RI, 1/2011). The arrangement effort relates to the process of making a land more efficient. The term 'efficiency' is associated with the accuracy, usability, and appropriateness in running a thing, through the right and precise way in order to produce optimal results, as well as minimizing the use of time, effort, and cost. (KBBI, 2001; Karim, 2006) . In this case, the efficiency term is directed to the housing arrangement and settlement context. Thus, it is concluded that housing land arrangement is one of proper ways to fix an already built housing environment, attempting to optimize the use of land in its neighborhood through improvement and controlling effort in order to reach the sustainability. Aspects to be considered in this regard are housing facilities, infrastructure, public utilities, and other supporting facilities.
Sustainable Housing Concept and its Ecological Aspect
Sustainable housing is a utilization of land and space in order to meet people's needs of place to live and to work. To keep the process going over time, it should involves many aspects of life such as economic, environmental, social, and cultural. (Timmer and Kate, 2006; UN-Habitat, 2012) . It is also comprehensive, reaching the level of the macro, meso, and micro in urban context. Other than that, sustainable housing has the potential to boost the economic development, the environmental managings and services, as well as the quality of life and social equality. Moreover, it can also prevent wide range of housing problems (UN-Habitat, 2012). Specifically, sustainable housing highlights three main aspects, which are the environment (to protect the natural environment, to use natural resources wisely, and to prevent and adapt the climate changes), the people (to accommodate socio-cultural equality, and guarantee the right to decent, affordable, and well-located dwelling), and the prosperity (to perform responsive and competitive economic development) (UNHabitat, 2012) .
In addition, the environmental aspect of housing needs to be considered particularly because of several reasons, among others are its development that requires environmental resources, household's activities that directly pollute the environment, and also the residential neighborhood that is prone to natural disasters (UN-Habitat, 2012). The environmentally sustainable housing in this research is focused to meso (city) and micro (neighborhood) scale according to UN Habitat (2012) . On the meso scale, the criteria are (1) occupying an area with good location and population density, and got easy access to infrastructure; (2) has serviced land located on safe and green environment; (3) protecting ecosystems and biodiversity; (4) emphasizing sustainable infrastructure, public transport, pedestrians, and energy systems; and (5) managing waste and reusing it. While on the micro scale, the criteria are (1) using energy and resources efficiently; (2) designing green building using local materials and contruction techniques; (3) designing the environmentalfriendly sanitation systems; (4) using affordable resources; and (5) creating resilience and adaptive buildings (UN-Habitat, 2012) .
Based on all notions above, followings are aspects to be considered related to the arrangement of built formal housing and its environmental sustainability: 1. The environmentally safe location and the ease of access to urban infrastructure, including potential / challenges of the land, proximity to various urban facilities, as well as the completeness of local amenities 2. Protection of surrounding ecosystems and biodiversity, including the provision of green area with good proportion of softscape and hardscape 3. Waste management and recycling system, including the system of storage, transport, and management. 4. Adequate sanitation and drainage system with safe material, including the sewage system, catchment area, and puddle prevention 5. Environmental friendly housing infrastructure, including greeneries, shadings / heat area prevention, noise and air pollution managements, adequate and effective circulation system, and efficient street lightings.
Research Methods
The case study of this research is an available formal housing (already developed) namely Taman Wisata Regency, located on the border of the city of Surabaya and Gresik, East Java, Indonesia. This residence can be accessed from Wisma Lidah Kulon Street, but should be reached through Raya Menganti Street and Raya Wisma Lidah Kulon Street. On the east of this residence, there are settlements on Bangkingan Street, while on the west and south is the Gresik city area. In its planning, the residence consists of 500 houses divided into some types. While the scope of this study (shown with orange shades on Figure 1) The data are collected through observation and documentational study from articles as well as housing advertisements. The findings are analyzed and presented qualitatively descriptive by the following steps: (1) identification of existing conditions, potentials and problems on the study object; (2) analysis of the previous findings based on the environmentally sustainable housing principles obtained from the results of literature review; (3) concept formulation for efficient and sustainable land arrangement of formal housing on Taman Wisata Regency. The proposed concepts are also adapted to the prevailing local regulations of spatial planning from government. (See Figure 2 
RESULTS AND DISCUSSIONS Case Study Reviews based on Environmentally Sustainable Housing Principles and Local Development Regulations
Taman Wisata Regency has been planned well in terms of building design, proximity to public facilities, and greeneries. However, the residence has some shortcomings and problems needed to be optimized. The prominent problem is the close distance of this housing to a tower of SUTT (high voltage electrical tower), while the others are related to local facilities, vulnerable entrance, lack of green areas, waste disposal system, and drainage covering. Based on the five rules obtained on literatures, Taman Wisata Regency need to be reorganized, especially in context of space allotment, facilities completion, and infrastructures improvement. Thus, the potential of arrangements for the residence are readjustments of space use around the SUTT tower, consideration for alternative entrances and signages, addition of supplementary facilities, improvement of electrical networks and street lightings, and enhancement of the exsisting infrastructures quality. These include several things that will be respectively explained in the next section.
Regarding (SNI, 2002) , the safe land use surrounding the tower of SUTT is outside the minimum limits of 12.5-18 meters from its vertical conductor, and 17 meters from its horizontal axis. In conclusion, all the considerations above developed into the whole arrangement criteria.
The Criteria of Land Arrangement Efficiency on Taman Wisata Regency
Followings are the arrangement criteria for proposing the concepts of Taman Wisata Regency's land efficiency, in terms of environmental aspects: 1. Re-arrangements of the SUTT tower surroundings, maximized as green spaces but not actively used within 6m radius. The closest building to this tower must be located as far as 17 m. 2. Establishment of alternative entrance, opening new access from southern part (Raya Bangkingan St.), provided with its own gate and security post. 3. Readjustment of the roads proportion and its circulation path if needed. 4. Optimization of green spaces in various areas such as entrance, hook areas, parks, road edges, and median strips; Also provision of additional facilities. 5. Quality improvement of existing infrastructure including waste disposal drainage system, coverings, residence fencings, electricity system and street lightings.
The Concepts of Land Arrangement Efficiency on Taman Wisata Regency
Followings (Figure 3 ) are the proposed concepts for Taman Wisata Regency rearrangement based on obtained criteria:
Passive Green Space Near the SUTT Tower
The communal park for Taman Wisata Regency is concentrated around the SUTT tower. At certain radius, which is 6 meters from its axis, the open space function should be disabled or being passive (only for tower maintenance). Outside from that, the park can be used actively (see Figure 3) . It need to be ascertained that the minimum distance between the SUTT tower and buildings should be 17 meters away for safety and health issue. Currently, the distance of existing houses is already met the minimum limit, but there is a mosque located only about 12 meters from the tower. Figure 3 shows some alternatives of proposed green space near the tower.
Signages and Two Gate System
Some signages should be provided at certain points to indicate the presence and specific location of Taman Wisata Regency. The signages are proposed to be placed on: (1) Figure 4) Moreover, considering the concurrent development of Taman Wisata Regency which began to expand its area on the southern part, a new alternative access is proposed. The one gate system should be changed into two gate system in order to enhance the safety and security issue. (See Figure 4) . The facility of the additional entrance is designed similarly as the preexistent one, equipped with gate, security post, and green space. Since the new entrance has direct access to the most exclusive cluster in this residence, the facility should be more advanced. The gate only be opened in a more strict hours and be accessed only by local residents using ID card. 
Additional Greeneries and Multifunctional Green Spaces
Greeneries are proposed to be added in certain places such as the arrival space, hook areas, or road edges in the form of trees, shrubs, or vertical garden. The housing fences also should be elevated to 3 meters or more, and one of its sides are used for vertical gardens. (See Figure 5) . Additionally, the communal green space is optimized as both physical and social space as its original design concepts. It is also equipped with existing mosque. Furthermore, it is still possible to add other facilities such as healthcare or educational facilities like library or kindergarten, but they are optional and will not detract the residence quality if they do not exist.
Re-Arrangement of Road Proportion
The street proportion is set to be 8 meters width for the primary path and 5.5 meters width for secondary path in all clusters. On the primary streets, 1.2 meters width of pedestrian way is given on one side, and be simultaneously used for jogging track and bike lanes through different color of the paving. While on the secondary path, the road is designed to have a 30 cm width of drainage and 45 cm width of greeneries on both sides. (See Figure 6 ). This proposed concept is an elimination of existing road width, more efficient yet still meet the rules, and able to accommodate greeneries. Other than that, the exsisting clusters placement is already good that the most exclusive one is located far from the SUTT tower, so it is not necessary to do cluster rearrangement.
Quality Enhancement of Other Existing Infrastructures
Discussing about safety, the residence fencings need to be improved so it is not only functioning as territorial divider but also as protector and even aesthetics element. (See Figure 5) . Still about aesthetic, the electrical wirings should be rearranged to be an underground system, and the lamp posts also should be replaced with more aesthetic design in order to create tidier and better visual ambience. Besides, existing communal garbage bin located before the entrance also should be resolved with better quality container that is cleaner, more organized, and easier to maintain even though it is placed on open space. The surrounding area need to be visually integrated with other housing facilities, such as through similar colour.
At last, discussing about existing gutters, the alternative ways for improving its covering are the opened drainage system with grill cover (See Figure 7) , or the closed one with several openings at certain distances. This is required to avoid waterloggings and to ease maintenance process. 
CONCLUSIONS
Taman Wisata Regency is a formal housing in Indonesia located between Surabaya and Gresik City. Reviewed from the environmentally sustainable context, this residence has been planned and realized well, but still has shortcomings that need to be optimized. The prominent problem is the closeness of the residence to electricity tower (SUTT), and the others are related to local facilities, vulnerable access, lack of green areas, waste disposal, and drainage covering. The concept of land arrangement efficiency on Taman Wisata Regency is associated with the utilization of prone area, the opening of new access becoming two gate systems completed with the signages, the redesign of road proportion, the optimation of green spaces, and the quality improvement of existing infrastructures.
This study is an instance of formal housing improvement in terms of sustainable land efficiency, which also can be applied on informal settlement context. However, the weakness of this study is lack of data collection technique resulting in limited case study coverage. For future research, more obvious study area should be determined to ease the analysis and concept formulation. All the more, methods and indicators in this study can be used for similar research with contextual adaptations.
